Appreciable advances have been made in recent years in raising climate change awareness and enhancing support for climate and energy policies. There also has been considerable progress in understanding of how to effectively communicate climate change. This progress raises questions about the future directions of communication research and practice. What more is there to say? Through a selective literature review, focused on contributions since a similar stock-taking exercise in 2010 1 , the paper delineates significant advances, emerging trends and topics, and tries to chart critical needs and opportunities going forward. It describes the climate communication landscape midway through the second decade of the 21 st century to contextualize the challenges faced by climate change communication as a scientific field. Despite the important progress made on key scientific challenges laid out in 2010, persistent challenges remain (superficial public understanding of climate change, transitioning from awareness and concern to action, communicating in deeply politicized and polarized environments, and dealing with the growing sense of overwhelm and hopelessness). In addition, new challenges and topics have emerged that communication researchers and practitioners now face. The paper reflects on the crucial need to improve the interaction between climate communication research and practice, and calls for dedicated science-practice boundary work focused on climate change communication. A set of new charges to climate communicators and researchers are offered in hopes to move climate change communication to a new place -at once more humble yet also more ambitious than ever before, befitting to the crucial role it could play in the cultural work humanity faces with climate change.
outreach efforts and media coverage 4 . Astonishingly, much less press fanfare followed the 2015 update to the "planetary boundaries" paper 5 , testifying that the world had crossed four planetary boundaries and moved into the high-risk zone for three of the nine boundaries that shape humanity's "safe operating space." Not surprisingly, scientists are now asking, how to communicate the increasingly urgent, "bad" and "unwelcome" messages to a seemingly indifferent public 6 . Thirdly, climate policies and actions have exerted and demanded their own influence on climate communication. Events such as the annual international meetings of policy-makers to work toward and now beyond the critical COP21 meeting. While news coverage of COP21 was more extensive in Europe than in the US, bilateral agreements as well as unilateral, voluntary commitments by industry, investors, municipal and state governments to significantly reduce emissions gave more localized attention, yet played influential roles in the lead-up to Paris. The concurrent growth of an increasingly unified and visible climate protection movement, frequently wedded to the call for climate justice, with coordinated events and direct actions around the globe and key victories such as the defeat of the Keystone XL pipeline under pressure from Canadian and US activists and the growing divestment from fossil fuel garnered widespread public attention.
For climate communicators and the practitioners who support them, collectively constituting the fourth set of influences on the climate communication landscape, these events and processes were occasion to practice an effective craft, trying on different frames, venues and tools, using not just traditional but increasingly social media, directing their attention to different audiences while relying on a wider range of messengers to move the needle on public opinion. Maybe the most incisive communication moment occurred in 2015, when Pope Francis released his much anticipated encyclical on the human-Earth relationship with its particular focus on climate change 7 , accentuating the cultural and moral turn in communication practice witnessed over the past five years. All these occasions provided ample opportunities around the world for people to learn more (or maybe for the first time) about climate change and as a result form, change, or reinforce their views and attitudes towards it.
An influential fifth force in the landscape is climate communication science as a multidisciplinary branch of academic research in its own right. While the next section will go into greater detail on its advances over the past few years, suffice it to say here that it has used the rich palette of opportunities presented above to study publics, messengers, and communication practices. The shear growth of the number of studies over the last 10 years, and particularly over the past five (Figure 1 ), as well as the establishment of dedicated research clusters, and the spread of climate communication research to previously neglected regions and countries of the world (e.g., Refs. 8-11 are indicative of the growth of the field). As a result there are now longitudinal and comparative studies of changes in public perceptions, understanding and opinions (e.g., Refs. [12] [13] [14] ; and a deepening understanding of different audiences (e.g., Refs. [15] [16] [17] and subtopics (e.g., the use of visual imagery, emotional responses to climate change, the role of particular types of media or messengers, all discussed in more detail below). Given this plentitude of climate communication research, a growing number of review articles on communication topics have appeared (with review journals like WIREs-Climate Change being a leading source, as well as encyclopedic academic volumes [18] [19] [20] and more widely accessible, integrative books 21, 22 . Methodologically, the field has become more diverse and theoretically more contested (e.g., Refs. 23-27), all together marking the firm academic establishment, increasing sophistication and professionalization of climate communication research.
[insert Figure 1 about here] The final set of influential factors on climate communication -as is the case for any topic -is comprised of those things which one might consider contextual, foundational, often unrelated, or distracting. Some are unique to the past few years, some are enduring, such as the political culture of a nation (e.g., public sentiment vis-à-vis the role of science or government, the degree of democratic culture, social norms); electoral turn-over (as recently occurred in Australia or Canada opening the door to climate action) or political destabilizations; politically or publicly consuming events such as heightened terrorism fears, pandemics (e.g., Ebola), or the ongoing refugee crisis in the Middle East and Europe; as well as larger economic, technological or cultural shifts and events in specific industries, nations, or regions of the world. Together, these interactive factors have created at times more or less hospitable environments for climate communication, variably succeeding in penetrating the perpetual news buzz and limited attention spans of early 21 st century audiences 28 . [insert Table 1 near here]
Arguably, this is as it should be. Because climate change affects everything and everyone everywhere, effective communication about it should involve and reach across disciplinary, sectoral and geographic boundaries, aiming to reach colleagues wherever they work. Speaking to those diverse interests and spheres of application may be more influential on choice of outlets than academic impact; and as an integrative human activity in a highly contested communications milieu, climate communication simply defies traditional, albeit artificial disciplinary divisions.
As a result, no one "owns" climate communication research," or maybe more accurately, everyone does, which entails both dangers and benefits. Everyone needs it, everyone contributes to it, yet it is difficult to gain disciplinary prestige with it and nearly impossible to keep up with the often highly relevant but impossibly wide distribution of scholarship. This situation makes review journals like WIREs-Climate Change indispensible to keep track of any number of subtopics, but even those reviews are so plentiful now that even "renaissance scholars" would find it difficult to keep up with and integrate across them. Not surprisingly, innovative approaches are now emerging to organize and make relevant scholarship more accessible (see The Climate Web at: http://climatographer.com/climate-web/). 
Progress on

Key elements of the communication process
Effective communication requires detailed understanding of one's audience, and researchers have spent considerable time better understanding different audience types and segments within and across national, sectoral, and age samples. Some of this work has been experimental (e.g., exploring changes in perceptions, understanding and attitudes upon a controlled intervention), while other studies have used (singularly or in combination) the more common survey, interview or focus group approaches 12, 13, [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] .
Out of this context, the role of values, beliefs, worldviews, identity and meaning-making has become one of the most prominent occupations of climate communication researchers 24, [42] [43] [44] [45] [46] [47] . Among the critical takeaways from this body of work is that, first, we all hear, perceive, make sense of and judge incoming information (be it spoken, written, visual or sensory) through the filters of culturally transmitted values and no one can escape this influence although we can become conscious of this influence and actively probe it, if we are willing. Second, the values we hold affect not only our perceptions and interpretations of the climate and our acceptability of climate science, but -crucially, and often more prominently -the acceptability of anticipated or proposed behavioral changes, technological solutions or climate policies. Third, and logically following, climate communication meets acceptance or resistance and thus can be made more resonant for different audiences by approaching it through value frames [48] [49] [50] [51] [52] . Not surprisingly, this focus on values has spawned considerable attention to framing, messaging and language [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] , and as part of framing and messaging, the question of effectiveness of different messengers 66, [71] [72] [73] [74] .
Beyond the written or spoken word itself, climate communication researchers have concerned themselves increasingly with a wide range of communication aids. Given the difficulty of seeing and representing the causes of climate change, as well as the climate itself and changes in it, the role of visualizations and the use of imagery have become prominent topics of exploration [75] [76] [77] [78] [79] [80] [81] [82] [83] [84] [85] [86] [87] . Integrating insights on the difficulties of understanding climate change, on language, imagery, and the imaginal, communication experts now point increasingly to the importance of story-telling and using narrative formats to convey climate change [88] [89] [90] [91] [92] [93] [94] . Others have investigated gaming and other interactive tools to make climate change and an otherwise abstract and difficult to imagine future more accessible both for lay audiences of all ages as well as in professional planning and decision-making contexts 80, [95] [96] [97] .
These various lines of research have come together in, and inevitably brought greater attention to, the role of emotions in climate change communication. This greater focus on the affective and emotional (as opposed to just the cognitive) side of climate change is partly driven by the irrational-seeming lack of concern about the problem and persistent psychological distancing [98] [99] [100] [101] [102] [103] , partly by the often intense emotional reactance to climate change (and its messengers) by those who do not "believe" in climate change 104, 105 , and partly by the increasingly observed sense of despair and hopelessness among those who understand the science and experience early impacts and/or the lack of commensurate action 59, [106] [107] [108] . Some researchers emphasize that emotions play a critical role in decision-making 109 , while others recognize their importance in issue acceptance, motivation or resistance to action and policy-support or opposition 27, [110] [111] [112] [113] [114] [115] , and in health and well-being [116] [117] [118] [119] [120] .
Maybe not yet as fully appreciated as it might be, this growing body of research illustrates the mutually constitutive nature of the psychic, social and cultural realms 110, 121, 122 .
Communication channels and forms
On the second set of research challenges posed in 2010, a steady flow of studies has emerged on the question of communication channels and forms. This reflects, of course, their crucial importance for the communication process itself, but also because of the paramount importance of the media in conveying, translating, interpreting and giving meaning and importance -or not -to the complex scientific and policy aspects of climate change. At the same time, the media landscape is itself undergoing profound changes, both political-economically and technologically, thus affecting what, how, how often, and at what level of proficiency climate news is being reported and discussed [123] [124] [125] [126] [127] .
The growing proliferation of studies empirically and critically examining media coverage of climate change, new scientific discoveries or specific policy events, as well as climate-related topics (such as energy supplies) in traditionally well-studied countries clearly has continued since 2010 (e.g., Refs. 128, 129) . What is new, refreshing and beginning to fill a significant gap in the literature, are media studies for heretofore neglected areas of the world (e.g., Refs 130-134) as well as cross-national, comparative studies 83, [135] [136] [137] . What is maybe as significant as this broader survey of world climate news coverage is the implied fact that such coverage now actually exists.
, to explorations of the relatively new sub-genre of sci-fi embellishing predominately dystopian climate futures ("cli-fi") 139 . Similar reviews and critical examinations of the impact of such cultural expressions as climate change music, poetry, photography, fiction, cartoons, sculpture, and theater are only beginning to emerge (exemplary contributions are found in Ref. 19 ).
Communicating mitigation and adaptation
If early climate communication was largely focused on awareness raising and explaining the science of climate change (assuming that knowledge alone would suffice to move people to action), the challenge that has become apparent long since is how best to move audiences to action. This has resulted in considerable research into human motivation and capacities 43, 113, 157, 158 , and also in what distracts from it 159, 160 , with a persistent focus on uncertainty, and whether, when, and how best to communicate it 30, 35, 97, 151, 152, [161] [162] [163] [164] .
What has surfaced clearly from this body of work, is that the need for explaining and educating has not diminished 165 , but that knowledge itself is insufficiently motivating to take action, and that it is far from clear to even the most motivated people what actions to take 166 . Thus, a shift toward enabling and empowering action has followed 73, 113, 167, 168 . It is now widely recognized that actions and practical support must be a central part of all climate communication, not necessarily in a prescriptive fashion, but options should be discussed and audiences must see and feel empowered to choose viable options.
Along with this recognition has come a growing focus in practice and research on how best to communicate mitigation and adaptation. Where and how much to focus one's communication, however, and how soon to pivot from science to policy, from impacts to responses, from urgency to action, from explaining to mobilizing remain critical concerns. Along with these has come the question how best to balance talk about mitigation versus adaptation, as many have argued that raising the specter of adaptation is all but an admission of failure on mitigation (for a review of pertinent literature and a refute of that argument, see Ref. 169 and newer work in Ref. 170) .
From a communication research perspective, the novelty since 2010 is that there is a body of research at all that examines the communication of specific mitigation options 159, [171] [172] [173] and another researching the communication of adaptation 169, 174, 175 .
Mass mobilization
The role of communication specifically in mass mobilization and the climate movement has remained relatively neglected over the past five years. Of course, communication research into motivation and mobilization of individuals or groups of individuals has progressed (as discussed above), as has a separate body of work on the strengthening climate movement, but the link between these two has been weak.
The most directly applicable work is that on framing and the multitude of values that can motivate people to action (cited above), the extensive work -overlapping with behavior change research -on social marketing (e.g., Refs. 176, 177) , and the recognition that the climate movement -if it is to become a bigger, more powerful movement -must reach beyond the narrowly defined "environmental," connect to other social movements, and embrace, integrate and collaborate (not subsume!) those whose work focuses on sustainability more broadly, but also the many others who work on social justice (regarding race, gender, North-South relations, etc.), labor rights, economic opportunities and justice, and reenfranchisement of those long excluded from the political process 64, [178] [179] [180] [181] .
Maybe driven by the persistent obfuscation of climate policy and action in conservative corners of the US, and in particular in the US Congress, far greater energy has been focused on the climate countermovement, including the politicized environment for climate science communication, and particularly the -by now -entrenched polarization around climate change (in the US more than in any other country). In many instances this polarization has hindered progress on climate action even though climate disruptions are increasingly prevalent 104, [182] [183] [184] [185] [186] . In addition to better understanding underlying drivers, political economies and structural underpinnings, maybe the most important and encouraging insight gained from this work is that it is far from impossible to connect across deep cultural and ideological differences 158, 182, 187, 188 , though the communication needed to achieve it will not come via the more common, traditional messages, forms, channels and messengers. Thoughtful, respectful, and deliberative communication practices must be fostered 189 .
Dialogic forms of communication
Pearce and colleagues 138 , in a review of the recent literature, discerned a crucial shift from deficit-model driven unidirectional communication to dialogic communication over the past five years. Given the observed superficial understanding of climate change, lack of apparent concern and pro-environmental engagement, and paralyzing polarization, this is maybe more important on climate change than any other contemporary risk, but prevalent political cultures may be more or less receptive to dialogue and deliberation.
A growing number of studies is available illustrating how dialogic, deliberative processes can open minds, deepen understanding, foster empathy, change attitudes, and increase receptivity to policy alternatives whereas not nearly as much impact could be achieved by simply transmitting information 187, 188, [190] [191] [192] . Review papers of a broader set of studies (not all from the climate change context) give reason for optimism 25, 178, 189 , but much remains to be learned, e.g., exactly which social, psychological and cognitive processes are involved and how they interact, in causing the observed shifts in dialogue.
Long-term and deeper engagement
Despite a clear recognition in the scientific community how far-reaching and long-lasting human-driven climate change will be, despite the emerging literature on communicating climate adaptation, and the observation -and sometimes lament -of climate change issue fatigue, few have begun to
Most of the papers included in these collections issue passionate calls for long-term and deeper engagement. Very little well-established scientific support is available as yet, however, on how to sustain lengthy engagement or reinvigorate it after lapsing, and how to deepen it (beyond the use of dialogic formats). Little is known about how the increasing use of war metaphors (combating climate change, fighting for climate justice, engaging in culture wars), apocalyptic imagery and narratives, and the pervasive negative labeling of one another help or hinder long-term communication 104, 178, [193] [194] [195] [196] . It is notable, however, that researchers are increasingly interested in the role of hope, optimism and positive emotions in climate communication 17, 27, 113, 197, 198 .
Clearly, there are many areas in which our understanding could be advanced, which will pragmatically, require that we employ not only the commonly used research methodologies (survey snapshots, onetime focus groups, or interviews), but also longitudinal studies of cohorts engaged repeatedly over many years, and comparative work with long-term non-climate struggles. More fundamentally, however, climate communication practice and research must grapple with the question what communication for the very long-haul entails, and what its function might be. A first attempt of grappling with this question was offered in Ref. 118 , but more intensive, deliberate engagement with the humanities and arts, and with the broader literature on social transformations offer yet-to-be-explored opportunities to redefine the role and purpose of climate communication in the future [199] [200] [201] [202] [203] .
Emerging Trends, New Topics and Persistent Challenges in Climate Change Communication
Given the richness of climate communication research on so many aspects, it is difficult to discern clear trajectories for the field as a whole. While several distinct research gaps have already been mentioned above, my suggestions here are as much influenced by personal interests as by the US context in which I work.
Looking across the landscape and advances in our field, five cross-cutting, welcome and fruitful trends stand out. Firstly, climate communication research has benefited greatly from greater interdisciplinarity and integrative research evident in many of the studies and review papers cited so far. Secondly, many of the advances observed have come about from the increasing methodological sophistication and diversification in recent years, including the growing recognition of the importance and value of participatory and in-depth qualitative research. Thirdly, the emphasis on values, belief systems, and worldviews has helped bring culture back from its exiled relevance supposedly only to marginalized "traditional cultures" to its irrefutable centrality in all societies. This was aided, fourthly, by the growing number of studies emerging from Western/Westernized countries previously less well studied, and from non-Western/Global South countries, where climate communication research is still new. Finally, and not unrelated to these trends, is the growing attention now given -in practice and research -to insights from the humanities and the role of the arts in communicating and engaging the public on climate change.
Along the way, new topics and needs have been emerging, and they will continue to occupy researchers for years to come, including the needs and ways of communicating different types of climate mitigation/energy solutions (e.g., renewables, carbon capture and storage, nuclear energy) 173, 204, 205 , adaptation options in different sectors 169, 206 , as well as the specter of the yet more complex and challenging issue of geoengineering [207] [208] [209] [210] [211] [212] [213] [214] .
Meanwhile, persistent challenges plague practitioners and provide ample opportunity for further advancement. Most likely, they can only be achieved through integrative science and connecting insights across each of the issue areas listed above. For example, further work is needed on the stubborn superficiality of climate change understanding in the general public, on how to move publics from mere awareness, concern and understanding to active engagement, on how to communicate effectively in a deeply politicized and polarized environment, and on how to deal with the growing sense of overwhelm and hopelessness observed among many audiences.
First attempts at such science-based, practice-oriented integration have recently been offered, and they deserve widespread attention 21, 22 . Their contributions are many, but among the most important may be that they lay bare the intra-psychic, inter-personal, social, cultural and political-economic dynamics that shape people's responses to climate change. In so doing, these authors have brought crucial attention to the ways in which social norms and psychological defenses perpetuate a remarkable "climate silence" in society. But they also help counter the demonization of just one particularly obstinate segment of humanity -the "deniers" and "contrarians." Outright efforts in public deception aside, they show instead how we all, even the constructively engaged, have various defenses against a threat that is existential to some, deeply disturbing to emotional equanimity in others, and profoundly challenging to the identities of many more. Table 2 is an attempt to synthesize (in even more compressed form) what is scientifically known about the defenses climate communicators have to contend with, and in fact often inadvertently trigger. The naming of the defenses listed here is based on Ref. 22 , but their explanation, how they are triggered, and how they might be overcome also draws heavily on Refs. 21, 215.
[Insert Table 2 about here] Given the proliferation of research across many disciplines, outlets, and research centers, such integrative syntheses are extremely helpful to meet the growing and changing needs of communicators. Yet there is a significant challenge in conducting thorough reviews and integrating -often seemingly contradictory or partial -insights from various subfields while not succumbing to offering simplistic guidance. If climate communication research wants to be more than an academic field of study, it must take on the lessons from its own research (and from its close neighbors in STS studies) and engage with communication practitioners more effectively than is currently practiced.
The Fence
The Communication Science-Practice Gap Of course, the world of climate communication practice is not sharply separated from the world of climate communication research. Many of the researchers cited here also engage the public on climate change, be it via op-eds, blogs, social media platforms like Facebook and Twitter, public speeches, dialogue events, or otherwise. Many focus on communicating climate change, and some serve as models for how to do so effectively; fewer, however, seem to be engaged in sharing with practitioners their social scientific insights on how to communicate climate change most effectively.
Granted, there exists to my knowledge no systematic study that has surveyed how many and how often climate communication researchers share their insights with those who spend their days practicing the trade. Thus, the science-practice gap in climate communication and the many different shapes it takes ("fences" rather than a single "fence") is somewhat speculative, may vary across nations, and constitutes an area ripe for study itself. There are reasons to believe, however, that relatively few communication researchers -some prominent individuals excepted -actively, frequently, or on a sustained basis interact with those who do the lion share of climate communication. Academics typically are not rewarded for such outreach, i.e., for sharing their findings in non-academic outlets; it is time-consuming to do; researchers are not trained to do so effectively, and given the often polarized atmosphere around climate change, many shy away from it. Clearly, there are some encouraging signs -such as research programs encouraging engagement with societal partners (not just as research subjects, but as co-designers and coproducers of research) and funding requirements to demonstrate "societal benefit." However, the landscape of incentives and capacity building efforts to assist researchers to engage beyond academia is highly varied and far from what it might be.
Meanwhile few practitioners have the time, inclination or access to read social science journals and keep up with the ever increasing output from researchers in climate communication. This is even more difficult in an interdisciplinary field such as climate communication, where research is presented across a wide spread of disciplinary social science or interdisciplinary journals and books (see Table 1 ). The still dominant, narrow disciplinary studies reinforce partial and disjointed treatment of what is in reality a holistic communication challenge. Non-experts may not find it easy to put the latest findings into a larger, integrative picture of communication. Moreover, academic publications are typically jargon-laden, and frequently do not offer recommendations for how to use the findings in practice. And even if some are offered, they are often too general for application in specific contexts. Thus, it is not surprising (if only anecdotal at this time), when communicators admit that they hear about and are interested in relevant social science research (in particular polling data) but don't know "what it means" or "how to translate these scientific insights into real-world communication strategies." Kahan's (2014) provocative essay climate change; how to move publics from mere awareness, concern and understanding to action; how the social, psychological and cognitive processes involved in dialogue interact to cause observed shifts in attitudes and opinion; how to sustain long-term communication and engagement; how to communicate climate mitigation, adaptation, and geoengineering; and how to deal with overwhelm and hopelessness as climate change accelerates, causing increasingly severe disruptions and destabilization.  How should we work together? -Building on the growing interdisciplinarity and methodological and theoretical diversity, maybe the most challenging, yet more fruitful avenue going forward lies in greater transdisciplinarity. Particularly for a field aiming to have practical relevance, engaging across the communication science/practice interface in informal and formal (boundary organization-based) ways, holds great promise for greater relevance and applicability of our research and for accelerated uptake of findings in practice.  How will we know and demonstrate our impact? -Both climate communication research and practice have failed to date to routinely track, critically evaluate, and thus demonstrate their impact on the broader communication landscape. This is clearly not easy to do, but it misses a critical strategic opportunity to focus research and to improve practice more quickly and deliberately. Maybe instead of focusing so much on how deep-pocketed interests have succeeded in achieving public confusion, apathy and political stalemate, it is now time to focus on showing how our field's many valuable insights can be employed systematically and fruitfully in loosening entrenched positions, mobilizing people across the political spectrum, and engage them productively in building a livable future.  What role could or should communication play in a profoundly, rapidly changing world? -The question of impact raises the far more foundational issue of what function climate communication could or should serve in a world that will rapidly, profoundly, often tragically, and sometimes surprisingly change in the years and decades ahead. Climate communication research has never been motivated merely by being a distant and disinterested observer, or trying to understand and explain a complex societal phenomenon. As a field it has covered the waterfront from the most basic to use-inspired fundamental to applied research. But does the desire to be useful and impactful in the broader climate communication landscape not push us even further? Does our own research not tell us that science alone, climate alone, policy alone will not address the deep human needs in the unfolding Anthropocene? Does the magnitude of change underway not demand more? Far beyond the descriptive, prospective, retrospective/reflective, and prescriptive, climate communication is increasingly asked to be narrative, interpretive, and even contemplative 117, 225 . Enabling, mirroring, and facilitating what may be the largest social transformation in human history would seem far more demanding a role than we have been willing to take on to date. Doing so would change our topics, foci, approaches and partners in both research and practice. It is time to contemplate these deeper questions now, and challenge ourselves to consider what that transformational journey may ask of us in terms of competencies, resources, institutional support, and interaction with each other. Playing up scientific uncertainty as justification for inaction Emphasis on "independent" science, opinion; "underdog" stories Cherry-picking scientific results Scientists "can't even predict tomorrow's weather" Questioning scientists' integrity Actively confusing people (e.g., CO 2 is a natural substance needed for life, how can it be bad?) Resource hub Collaborative
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